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ABSTRACT
This study has identified environmental factors influencing the distribution of schistosomiasis 
and the prevalence of the disease in the population of the state of Bahia, Brazil.
The Intergraph Modular Environmental Systems Nucleus (MGE), a geographic information 
system (GIS), was applied to 30 municipalities in Bahia to establish a descriptive and quantitative 
study of the spatial and temporal dynamics of infection. The GIS was constructed by digitizing maps 
of soil type, vegetation, topology, and hydrologic features including temperature, rainfall, and 
seasonal patterns of precipitation, prevalence of schistosomiasis and the distribution of snails, which 
are the intermediate hosts of the disease.
The results of this study suggest that the duration of the annual dry period is the most important 
determinant in the prevalence of schistosomiasis in the areas selected for study. This conclusion has 
specific implication in the design of efficient control programs. Neither maximum rainfall nor total 
precipitation during three consecutive months are factors limiting either the population or 
distribution of snails. Atmospheric variables, including annual maximum and minimum 
temperatures and diurnal differences in temperature, contribute to survival of the vector.
The prevalence of the disease is highest in the coastal areas of the state. The population of snails 
is directly related to schistosomiasis prevalence rates and is influenced by soil type. The highest 
population was found in areas with the latossolo soil type covered by either transition or coastal 
vegetation.
Future work should address the environmental and demographic considerations in areas which 
influence rate of infection, socioeconomic factors, housing, and contact with water. Level of 
exposure and degree of reinfection in children and adults should be addressed. Results can be 
analyzed to develop an empirical model for risk assessment of schistosomiasis.
x
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INTRODUCTION
Schistosomiasis is a disease of medical, social, behavioral, and ecological significance, 
attributed to the infestation of surface water by snails that serve as the intermediate host of infection. 
The geographic distribution of human schistosomiasis is a function of the interaction between 
abiotic and biotic environmental factors influenced by socioeconomic considerations. The disease 
has a focal distribution and requires close contact of populations with water containing infected 
snails. As with other zoonoses, schistosomiasis has a natural habitat in well-defined ecosystems. 
Pathogens, vectors, and natural hosts form an association, or biocenosis, within which the pathogen 
reproduces and is disseminated. Environmental factors such as temperature, humidity, rainfall, 
surface water, precipitation, soil and vegetation types have been described as limiting factors in the 
development of the intermediate host of the parasite. These attributes influence the population of 
the intermediate host and hence the prevalence rate in the human definitive host. Understanding 
seasonal variation in snail populations is crucial to the design and implementation of 
epidemiological studies and in developing effective programs for control of schistosomiasis. Brazil 
has regarded schistosomiasis prevention as a high priority for almost 50 years. Expenditure of 
human and financial resources has not always been rewarded by a proportional reduction in 
prevalence. Schistosomiasis continues to spread to newly settled areas which show commonality 
with respect to demographic, geographic, and epidemiologic characteristics.
Technological advances in geographic information systems and associated software have 
contributed to an understanding of the distribution of parasites and their hosts in relation to spatial 
and temporal factors in the environment. The application of Geographic Information Systems has 
not previously been used to study schistosomiasis in Brazil. The state of Bahia is characterized by 
extensive distribution of snails, leading to high prevalence rates of schistosomiasis in human
1
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populations. It is hypothesized that the capability of GIS could be used to identify and analyze 
infection-prone environments. This would permit more rational allocation of resources for cost- 
effective control of foci of infection. Local climatic data can be used to determine the factors 
contributing to the relative prevalence o f the disease and to predict and monitor the efficacy of 
molluscicide application. The present study was undertaken to elucidate climatic and geographic 
influences affecting the occurrence of schistosomiasis. Specific objectives of this thesis are:
• To develop a regional geographic information system (GIS) to evaluate the occurrence of 
schistosomiasis in endemic areas of Bahia state by analyzing data relating to soil type, 
vegetation, hypsography, snail distribution, population and prevalence.
• To ascertain whether a prototype GIS model could be used to plan local schistosomiasis control 
programs to limit the extension o f disease to newly setded areas in Brazil.
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REVIEW OF LITERATURE
The Disease and its Characteristics
Schistosomiasis, a complex water-borne, parasitic disease, occurs in 74 countries on 3 
continents. It is estimated that 200 million people are infected and 600 million are at risk of 
contracting the disease (WHO, 1993). Schistosomiasis is considered second only to malaria in 
socioeconomic and public health importance in tropical and subtropical areas and the disease has 
a wide range of clinical manifestations (Doumenge, 1987; Iarotski, 1981). Infections with any of 
the three species o f the digenetic trematodes, Schistosoma mansoni, S. japoniatm, and S. 
haematobium, results in chronic debilitating disease (WHO, 1985).
The freshwater pulmonate snails Biomphalaria glabrata, B. tenagophila and B. straminea, 
which flourish in irrigation canals, lagoons, rivers, backwaters, and small natural pools, serve as 
intermediate hosts and maintain the life cycle of S. mansoni. Aquatic Bulimts spp. transmit 5. 
haematobium and Oncomelania spp. transmit S. japoniatm  (Brown, 1983 ; Malek, 1974).
Male and female adult schistosomes live in pairs in the small mesenteric or pelvic veins, 
depending on the species. The females leave the male worms to deposit their eggs close to the lumen 
of the intestine or bladder, at an oviposition rate of about 300 eggs/day (Markell, 1981). Eggs reach 
water, undergo incubation for 6 weeks, and hatch into microscopic free-swimming miracidia.
If a miracidium locates a snail host, penetration of the soft tissues of the mantle occurs, initiating 
a cycle of asexual multiplication. This results in numerous free-living cercariae which can penetrate 
the skin of a potential host entering water. Cercariae of S. mansoni migrate in the vascular system 
through the lungs to the liver, where they develop into adult schistosomes. After mating, the pairs 
migrate against the portal flow, chiefly by way of the inferior mesenteric vein, to the small venules 
in the rectosigmoid area of the large intestine. Eggs, deposited in a chain within a venule, are
3
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released into the lumen of the of the intestine following rupture of the vessel and pass to the exterior 
in feces (Beaver, 1994; Beck, 1976). Since schistosomiasis is transmitted focally, there is 
considerable variation in the level of infection between communities in endemic areas, depending 
on environmental, socioeconomic, and hygiene factors (Lengeler, 1991). There is also considerable 
variability in level of infection between individuals within a community and among communities 
(Englund, 1988; Amin, et al., 1982). Analysis of prevalence rates and intensity o f infection within 
endemic communities commonly reveals a negative binomial distribution. A few patients who have 
high intensity infections progress to disease (Butterworth, 1988). Social, cultural, behavioral, and 
economic variables interact with the environment and ecology to produce specific manifestations 
of schistosomiasis (Huang, 1992).
Schistosomiasis is essentially a rural disease. Dissemination is dependent on a variety of factors 
(Silva, 1985), principally the contamination of fresh water by animal or human urine or feces. The 
life cycle depends on survival of ova and the presence of snails susceptible to infection and capable 
of supporting production of cercariae infective to end hosts. Suitable temperature and pH of water, 
rate of flow, and the organic matter content influence the population of snails and contact by humans 
with water contaminated with cercariae (Manson-Bar, 1982). The peak prevalence and intensity of 
infection generally occurs among children from 5 to 14 years old (Goldsmith, 1989).
Clinical presentation of schistosomiasis reflects the stage of infection. The invasion phase, 
during which cercariae penetrate the skin, frequently is asymptomatic or may be characterized by 
transient dermatitis. The incubation period is usually asymptomatic until initiation of oviposition. 
During this stage, gastrointestinal, hepatic, and pulmonary dysfunction may occur, accompanied by 
malaise and fever. Migration of ova is responsible for arterial hypertension, splenomegaly, or 
hepatic cirrhosis in chronic cases (Acha, 1987).
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Schistosoma mansoni and S. japonicum are responsible for the intestinal form of the disease 
and S. haematobium causes a urinary tract infection (Beaver, 1994; Mobarack, 1982). There are 
marked differences in the severity of disease not only between the different species of schistosomes, 
but also within the same species in different areas (Butterworth, 1988). The accidental infection of 
a person by non-human schistosomes occasionally results in illness (Heinz, 1988).
Despite considerable knowledge concerning the pathology and clinical manifestations of 
schistosomiasis, there is a lack of standardization in assessing the impact of the disease on the health 
and economic well-being of a community (Michelson, 1982). The occurrence and significance of 
schistosomiasis in a community often is underestimated because only a small proportion of infected 
individuals show clinical signs. The chronic, debilitating form of the disease often is inapparent 
unless specific screening programs are implemented (WHO, 1985).
The economic impact of schistosomiasis from complete and partial disability was estimated to 
be US$450 million in Africa, US$16.5 million in South-West Asia, US$118 million in South-East 
Asia and US$60.5 million for the Americas (Huang, 1992).
The public health impact of schistosomiasis is characterized by reduced work capacity and 
lowered life expectancy. The infection is a major occupational risk, affecting farmers (and their 
livestock) in rural areas of many developing countries (Abdel-Wahab, 1982; Ansari, 1973).
Schistosomiasis caused by S. haematobium is endemic in 54 countries, mainly in Africa and 
the eastern Mediterranean. Schistosoma mansoni is endemic in 52 countries and territories of South 
America, the Caribbean, Africa, and the eastern Mediterranean littoral. In 41 countries o f Africa and 
in the eastern Mediterranean both parasites are present. Schistosoma japonicum has been reported 
from 7 southeast Asian and western Pacific countries (WHO, 1993).
Mammals other than humans may be naturally infected. In Kenya, it was reported that 24% of 
134 baboons were parasitized, indicating that schistosomiasis spreads without association with
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humans. On the American continent the fluke has been found in monkeys, rats, opossums, raccoons, 
and bovines (Miazaki, 1991).
Humans are the main definitive host for 5. mansoni and can maintain the infection 
independently under favorable ecologic conditions (Acha, 1989). In endemic areas of northeastern 
Brazil, infected domestic bovine herds and several species of wild rodents have been identified, and 
a large proportion of them excreted viable eggs in feces. Among rodents, Nectomys sqaamipes is 
o f special interest because it is aquatic and excretes copious quantities of infective eggs. These 
animals, by virtue of their numbers and frequent contact with waterways, may contribute to the 
spread of schistosomiasis. In spite of documented infection in rodents and excretion of viable eggs, 
doubts still exist as to whether these animals represent a reservoir. In some areas of Brazil where 
the prevalence of schistosomiasis in humans has been reduced by chemotherapy, the rate of 
infection in rodents has also been lowered (MOH, 1968).
The geographical distribution of schistosomiasis is a complex phenomenon involving man 
behavioral cultural patterns and the interaction of abiotic and biotic environmental factors.
The Spatial Distribution of Schistosomiasis in Brazil
Only S. mansoni has been reported from Brazil (Marcal Junior, 1991). Historically, 
schistosomiasis has been present in Brazil for over three centuries, in communities near streams and 
rivers (WHO, 1993). The disease was introduced to the Northeast region of the country during the 
early period of Portuguese colonization. Slaves carried the infection from Africa when they were 
introduced for sugarcane cultivation in Pernambuco and Bahia States (Barreto, 1991). Intestinal 
schistosomiasis, due to S. mansoni was first documented in Brazil in 1908 by Piraja da Silva. By 
the middle of the present century, surveys in the northeastern states showed that 10% of children 
7 to 14 years old were infected with S. mansoni (Pellon, 1950). During the 1920s a severe drought 
in northeast region of Brazil led to migration of the population, spreading the disease gradually from
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its original location (Kvale, 1981). Subsequently, population shifts due to urbanization, the world 
depression of the 1930s, and the pattern o f economic development led to dissemination of 
schistosomiasis to the central and southern regions of the country.
In 1949, Pellon and Teixeira documented the geographical distribution of intestinal 
schistosomiasis in Brazil. From 11 states, 877 localities were surveyed and in 612 the disease was 
considered to be endemic (Silva, 1950). The affected area extended from the State of Rio Grande 
do Norte to central Minas Gerais, including the eastern part of Paraiba and Pernambuco, and all of 
Alagoas, Sergipe, and Bahia north of the R. Espirito Santo. Within this area the eastern zone 
demonstrated high prevalence rates along the Atlantic seaboard, in contrast to the west where 
prevalence rates were lower (Doumenge, 1987). During the 1950s, isolated foci o f infection were 
reported in the states of Para, Maranhao, Ceara, Goias; Espirito Santo, Minas Gerais, Sao Paulo, and 
Parana (Pellon, 1950). The prevalence of schistosomiasis was later extended by migration from the 
northeast to new areas in the southeastern regions in response to economic opportunities (Barreto, 
1982).
Ecological factors favorable to the intermediate snail host and the concentration of susceptible 
human living under substandard conditions have contributed to the maintenance and dissemination 
of schistosomiasis in most areas of Brazil (Barreto, 1991). During the 1970s and 1980s, the disease 
was endemic in 22 states (Machado, 1982). In the states of Pernambuco, Alagoas, Sergipe, and 
Bahia, schistosomiasis affected almost all school-age rural children (Doumenge, 1987). 
Schistosomiasis has been reported in the state of Acre, in the west, and the southern state of Santa 
Catarina. Isolated foci of infection were reported inihe northern states of Para, Maranhao, Ceara, 
in the central state of Goias, and in the southeastern states of Guanabara and Rio de Janeiro (MOH, 
1980).
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During the past 30 years, changes have occurred in the distribution and prevalence of the 
disease. Reduction in the prevalence rate has occurred in specific municipalities. While spatial 
distribution and prevalence have remained constant in some areas since the 1950s (Table 1), 
outbreaks have been reported in regions previously considered free of schistosomiasis (Carmo, 
1993).
The epidemiological pattern of schistosomiasis has not changed in the northeast of Brazil. The 
endemic states of Bahia, Alagoas, Sergipe, and Pernambuco have continued to show high prevalence 
rates in comparison with others areas of Brazil (WHO, 1993). In 1990 the overall prevalence rates 
were determined for Bahia (11.35%), Alagoas (31.6%), Sergipe (21.3%), and Pernambuco (25.6%) 
(MOH/National Foundation of Health [FNS], 1992). Clusters of the disease within discrete 
populations in the east coastal region occur, although the specific risk factors have not been 
determined (Silveira, 1989; Barbosa, 1971; Lafer, 1970). The phenomenon of clustering was first 
documented as a result of studies on the occurrence of hepatosplenomegaly in individuals within 
families (Kloetzel, 1987). Recent surveys in northeast Brazil have shown that an overall macro-level 
assessment of the efficacy if control campaigns against S. mansoni ignore localized variation in 
endemicity (Kloetzel, 1988). Defining the spatial distribution of schistosomiasis in specific 
geographical regions is extremely important to an understanding of the epidemiology of the disease, 
particularly with regard to developing appropriate management and control programs.
The Spatial Distribution of the Intermediate Snail Host in Brazil
Species of the Biomphalaria snails, B. straminea, B. glabrata, and B. tenagophila, which are 
indigenous to Brazil, can be infected with S. mansoni (Paraense, 1975). Biomphalaria straminea 
is the most widely distributed and is found in scattered foci adjacent to the Amazon River, in the 
northeastern states, in the Distrito Federal in Goias, and in the northern part of Minas Gerais.
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A few foci have been found in other states. This snail is of epidemiological significance because 
it is associated with a high prevalence of human infection and the more severe clinical forms of the 
disease (MOH, 1985). Infected B. straminea is often identified in field surveys and this host is 
considered an efficient vector due to its high reproductive rate (Michelson. 1979) and the capacity 
to support high levels of infestation with S. mansoni (Barbosa, 1987).
Biomphalaria glabrata usually is associated with moderate prevalence rates in human 
population, ranging from 5 to 10%. The B. glabrata snail is responsible for persistence of infection 
in some areas and its distribution ranges from the Northeast region to the Southeast of Brazil 
including the North, Central-West and South (Paraense, 1950).
Biomphalaria tenagophila occurs along the coast of Rio Grande do Sul and in other parts of 
southern and eastern Brazil (Malek, 1974). This species is not considered important as an 
intermediate host. Although it has been confirmed in the states of Rio de Janeiro and Sao Paulo, 
distribution is limited due to its sensitivity to arid conditions (Paraense, 1959).
Biomphalaria glabrata and B. straminea are associated with zones of moderate precipitation. 
B. straminea is more resistant to drought and is also found in both humid and arid zones (Pieri, 
1987). Although each species has a preferred habitat, there are areas where both B. glabrata and B. 
straminea occur. The physical characteristics of the environment are important in the distribution 
of snails within broad geographic limits where the species may be permanently found (Valadao, 
1991).
Control of Schistosomiasis
A major consideration in the study of zoonotic disease is determining the focus of control to 
develop preventive measures (Glass, 1995).
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Table 1. Sample Sites and Prevalence Rates
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In Brazil, Venezuela, Morocco, Egypt, Sudan, the Philippines, and China, schistosomiasis has 
been given priority in national health programs and the implementation of control is fully supported 
by national agencies (WHO, 1993).
Suppression of schistosomiasis in human populations requires a long-term commitment and 
should not be based on isolated activities. Experience has shown that a successful strategy to reduce 
morbidity involves health education, chemotherapy, and snail control. Treatment of infected 
individuals within a community reduces the level of adult worms and prevents the release of eggs 
in excreta. Vaccination leads to a reduction in the maturation of the parasite into adult worms and 
results in a reduction both in pathology and in excretion of eggs. Hydrologic measures also 
contribute to a lowering of infection rates by maintaining a snail-free water supply (Bina, 1976). 
Control of the intermediate host also is feasible following effective application of molluscicides or 
biological control by predators (WHO, 1985).
A pilot program carried out in Puerto Rico showed that the snail Marisa cormiarietis is effective 
for biological control of B. glabrata, especially when combined with chemicals. Marisa 
cormiarietis is not effective in an ecosystem with dense vegetation or swamps. In Africa, tests using 
fish that feed on snails have given promising results (Acha, 1987). The propagation of aquatic plants 
with molluscicidal properties may be beneficial. The major problem with expanding this approach 
is that these plants are also toxic to fish and other animals (Mott, 1987).
Economic constraints in developing countries have slowed development of effective control 
strategies against schistosomiasis. Projecting the cost of control programs is very complex. 
Frequently, the time and expenses are understimated and do not reflect local conditions. In a strategy 
with morbidity control as the primary objective, the costs of chemotheraphy and health education 
are the main constraints. In poor countries, the estimated expenditure per capita on all forms of 
primary health care is only between US$1.00 and US$4.00. Studies based on pilot projects have
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been made with estimated annual costs varying from US$1.50 to US$6.53 per person for specialized 
programs (WHO, 1993).
Mathematical models have been proposed to facilitate control of schistosomiasis (Woolhouse, 
1991; Bayley, 1987; Fine, 1977; Rosenfield, 1977). Although numerous models of the dynamics 
of transmission of schistosomes have been published since 1965, these have had little impact on the 
design and implementation of control programs (Woolhouse, 1991). Despite their availability, there 
has been a lack of acceptance of models by public health professionals (Rosenfield, 1977). This may 
be based on the incomplete nature of models or the neglect of socioeconomic factors involved in 
transmission (Giyssels, 1995). Many models do not consider the effect of habitat on the distribution 
of disease, the focality of vector-borne schistosomiasis, or the effect of climate, season, or 
geographic factors on transmission (Hairston, 1965).
The WHO Expert Committee on schistosomiasis recommended that “more work on the various 
transmission factors is needed to construct predictive models” (Gesler, 1986). Since only a few 
workers have attempted to apply data collected from the field, in contrast to laboratory studies, there 
is a reluctance to accept the validity of models.
Control of the Disease in Brazil
During 1949, the MOH initiated an extensive investigation of the prevalence of schistosomiasis 
in school children by fecal screening using the sedimentation-concentration method (Hofiman, 
1934). Specimens were obtained from municipalities with at least 1500 inhabitants in the northeast 
area (Silva, 1950).
The state of Bahia is considered an important primary endemic area because of a long history 
of schistosomiasis with high prevalence rates (Silveira, 1989; Santos, 1986; Barbosa, 1971; Barros, 
1944).
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During 1950, 81.7% of children aged 7 to 14 years were screened in Bahia State. From 211 
locations investigated, 162 showed a prevalence rate exceeding 70%. This study confirmed this state 
to be the most intensively infected in Brazil (Pellon, 1950; Silva, 1950). Commencing in 1975, the 
MOH treated all positive cases with oxamniquine (Sleigh, 1981). By 1976, the MOH 
Schistosomiasis Control Program (SCP) had reduced the prevalence of the disease in endemic areas 
from 22.75% to 5.45% (WHO, 1993). Until recently, the strategy of the SCP has been directed at 
diminishing disease transmission through intensive suppression of the intermediate host using 
molluscicides. The intention was to reduce morbidity within a short period with the ultimate 
objective of eliminating the parasite (Freitas, 1972). This has not been achieved because the 
relationship between the population dynamics of the intermediate host and transmission of infection 
is poorly understood (Sturrock, 1987). It is difficult to determine the appropriate sites and timing 
of molluscicide application. Rapid reinvasion of the intermediate snail host usually follows focal 
application of molluscicide. Regular use of chemicals requires consistent funding, logistic support, 
and availability of trained personnel (Michelson, 1982). In some localities beneficial effects of 
molluscicide application were determined, although in the northeast states, including Alagoas, 
Sergipe, and Bahia, high prevalence rates persisted (WHO, 1993). Improvement in the standard of 
living consistent with economic development and education have also contributed to a reduction in 
prevalence rates (Vieira, 1993).
Recognizing that the occurrence of the disease is different among states and within the same 
state, the Ministry of Health (MOH) transferred strategic decisions on schistosomiasis control to 
regional authorities. The MOH did, however, require some common control procedures for endemic 
areas and established standard parameters to evaluate infection. The range of age of 7 to 14 years 
was retained for routine annual screening examinations. Parasite eggs were detected and quantified 
by the fecal thick-smear methods using the Kato-Katz technique (Katz, 1972). Fecal examination
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of all individuals in the community was recommended when 50% or more of the children were 
diagnosed as positive. Treatment of all infected individuals and education programs on hygiene were 
introduced as components of regional implementation o f schistosomiasis control programs. Policy 
decisions relating to mass chemotherapy, application of molluscicides, and population surveillance 
is now the responsibility of regional and local health authorities, but is dependent on resources and 
funding. In areas with prevalence rates above 50%, mass treatment for all individuals is 
recommended, together with the application of molluscicides against the intermediate host at 3- 
month intervals. In areas with a prevalence rate above 5% but less than 50%, only individuals with 
a positive fecal test are treated. Molluscicide application is restricted to annual application (MOH, 
1980).
The SCP has effectively reduced morbidity. Over 5 million doses of oxamniquine have been 
administered since 1975. During the 1980s, 172,242 out of 1,858,000 subjects screened were 
carriers of S. mansoni. As a result of the national control program, a reduction in prevalence was 
reported in all endemic areas. In the northeastern states, the mean prevalence ranged from 9.1% in 
Pernambuco to 16.2% in Sergipe and 19.2% in Bahia (WHO, 1993).
Despite the administration of therapeutics, behavioral factors contribute to reinfection (Barreto, 
1991; Kloetzel, 1990). The prevalence of schistosomiasis is influenced by host exposure and 
immunity, which are characterized by marked heterogeneity within any given population (Barreto, 
1985). Most community data on infection are based on egg counts. This parameter is used to 
evaluate the efficacy of chemotherapy, since it is recognized that excretion of ova represents an 
indirect measure of infection (Guyatt, 1994).
Because of the biological complexity of clinical schistosomiasis, a decrease in prevalence rate 
attributed to intensive chemotherapy is correlated to a reduction in overt disease in a population. 
Chemotherapy will only suppress hepatosplenomegaly and other clinical signs of disease (Bina,
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1977) and persistent infection leads to a resurgence in parasitism (Coura, 1990). Control programs 
based on screening and selective chemotherapy will inevitably leave a large number of infected 
individuals untreated. Irrespective of the degree o f clinical infection, these individuals serve as 
reservoirs, leading to infection of susceptible contacts within the general population (Vlas, 1992). 
The therapeutic efficacy of oxamniquine in Brazil ranges from 65% to 72% for children and from 
80% to 85% for adults (Lima e Costa, 1993) indicating the deficiency of treatment as the sole means 
of control.
In some areas, spontaneous reduction in prevalence occurs without application o f chemotherapy 
(Kloetzel, 1990; Santos, 1986; Sleigh, 1981; Barbosa, 1981, Barbosa, etal., 1971). Populations in 
municipalities that received 7 to 8 cycles of chemotherapy during the period 1950 to 1990 showed 
an 80% reduction in prevalence. Populations of some municipalities receiving only one cycle of 
chemotherapy during the same period showed an 82% reduction in prevalence (Carmo, 1993), 
although infection persisted in these communities. Spontaneous reduction in prevalence is described 
on St. Lucia in areas with both high and low prevalence of schistosomiasis. Chemotherapy alone 
reduced the annual rate in children following four treatment campaigns (Jordan, 1982, Jordan, et 
al., 1976). The incidence of infection in Kenya increased during the year following treatment in an 
area of high prevalence (Sturrock, 1987). In Brazil, the prevalence of schistosomiasis in untreated 
comparison areas declined by 43% during an 8-year period compared to a 58.2% reduction in 
communities undergoing chemotherapy (Barbosa, 1981; Jordan, 1975). This suggests that 
improvement in medical care and basic education may be responsible for the reduction of 
schistosomiasis. In Nigeria, the drought in 1973 was responsible for a marked decline in incidence, 
prevalence, and intensity of infection with S. haematobium in two of four untreated areas (Fligh,
1978). The occurrence of spontaneous reduction in prevalence has been documented in untreated 
control populations in Ethiopia (Zein, 1989), Brazil (Barbosa, et al., 1971), Ghana (Lyons, 1974),
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Egypt (Amin, 1982), and S t Lucia (Jordan, 1985). Changes in the ecosystem, especially in climate, 
the application of molluscicides, and improvement in water supplies are possibly responsible for 
differences in national prevalence rates (Carmo, 1991).
The History of Geographical Depiction of Disease Using Maps
The correlation between geographical location and disease was first made in 480 BC by 
Hippocrates, who analyzed the health o f urban populations in relation to wind, season, and the 
characteristics of water, soil, and climate (Pessoa, 1978).
Medical geography became more structured during the 17th century as the colonizers of tropical 
countries became interested in causality of disease (Carvalho, 1995; Costa, 1994; Meaddle, 1988). 
Late in the 18th century James Lind, published “An essay on disease incidental to Europeans in hot 
climates,” in which he ascribed the occurrence of some conditions to risk factors in specific areas 
(Barret, 1991). The classic study involving mapping techniques in disease occurrence dates from 
the 19th century. Studies by John Snow related a cholera outbreak to a specific source of water 
(Mott, 1994).
After the second World War, considerable progress was made in the development of medical 
geography (Pessoa, 1978). The traditional concepts of “biologic causation” in the interpretation of 
endemic diseases or epidemics have changed through the years with the establishment of the 
pathogenic complex theory of Max Sorre in 1955. He proposed a direct interrelationship among 
populations at risk, vectors, and climate. He inferred that the intervention of man in the environment 
was fundamental to the appearance of disease. The relationship between the construction of railroads 
and dams and the occurrence of malaria was advanced in support of this hypothesis (Hunter, 1982).
Pavlowsky created the theory of nidality, or the natural focus of disease, relating man and the 
environment According to his doctrine, diseases have natural habitats in the same way as a species. 
Diseases occur where spatial distribution of the parasite, host, and vector coincide with a favorable
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environment (Pavlosky, 1945). Natural nidality involved defining the micrometeorological, 
geomorphological, and biogeographical limits of a community. May (1958), extended the theory 
with the concept that each contributing factor posses a spatial distribution. Disease occurs when 
environmental or politicosocial factors coincide.
The inadequacy of the microbiologic theory to explain the complexity of the disease process 
mandated acceptance of concepts based on the theory of multicausality of disease (Odum, 1969). 
This theory proposed the assimilation of ecology, conditioning the interaction between biological 
entities and the environment.
The triad represented by the host, the parasite, and the environment (including physical, 
chemical, biologic, and social characteristics) is considered the basic component of modem 
epidemiology (Leavell and Clark, 1976). This has stimulated the development of new technologies 
to collect, store, and manipulate data.
In 1986, Gesler revised the application of spatial analyses in public health, reaffirming its 
importance as a new technique in the process of health care management. Even though the spatial 
analysis of disease is important in management and control, the public health sector is technically 
inferior to other disciplines in the application of computerized analysis of data and modeling. From 
127 selected articles (Medline) published between 1993 and 1994, only 15 applied some method 
of spatial analysis as a demonstrative technique and none of the publications reported on analytical 
aspects of disease.
Geographical Information Systems as a Technique to Investigate Disease
The advent of new computer systems and software for geographical representation and spatial 
analysis of maps and databases has created novel possibilities to understand the manifestation, 
transmission, and maintenance of disease. A geographical information system (GIS) is a 
computerized database created to capture, store, validate, maintain, analyze, display, and manage
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spatially referenced data. The primary function of GIS is to integrate data from a variety of sources 
to enhance understanding o f a dynamic process (Lillesand and Kiefer, 1987).
Canada introduced the first national-scale GIS, which has been operating since late 1960, to 
improve land use (FAO, 1988). By 1980, GIS had become more acceptable as computer technology 
became less expensive (Wolf, 1994). Jack Dangermond, a leading proponent of GIS, compared the 
potential of computers in geography to the contribution of DNA technology to biology (Bjerklie, 
1989). Although analysis of risk factors has represented most of the multivariable epidemiological 
investigation in the past, techniques are now becoming more readily available for spatial and 
temporal analysis (Morris, 1995).
The replacement of paper maps with digital representations permits a variety of specialized 
depictions (Tomlim, 1990). Many characteristics of the environment which cannot be described with 
conventional maps are apparent using electronic systems. Depictions can be transferred among the 
units operated by other investigators (Jovanovic, 1991). Geographic information systems offer the 
capability of input, manipulation, analysis, and storage of data on disk or tape, and allow 
dissemination of information among users. The ability to manipulate the database distinguishes GIS 
from maps.
Alternative models and simulation of the ecology of human disease and the relationship between 
disease and die geographical environment can be investigated. Selected factors and the influence of 
various attributes can be identified using GIS (Bjerklie, 1989). Remote sensing by satellite in 
conjunction with GIS can identify the influence of environmental variables in the epidemiology of 
disease and can predict the effect of changes in the biota (Hugh-Jones, 1987). The epidemiology 
of disease involves the interactions between different ecosystems, especially between the 
environment of human populations and the ecologies of other species and pathogens which impinge 
on it (Levine, 1965).
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Disease vectors seek an optimum microclimate in their response to environmental changes 
(Hugh-Jones, 1991). Environmental parameters, including temperature of water, air, and soil; soil 
moisture; water turbidity; pH; salinity; chlorophyll content of vegetation; minerals; biomass; 
humidity; and air velocity can be quantified by sensing systems. These include radar, laser, 
microwaves, gamma, ultraviolet, infrared, and optically visible light systems (Lillesand, 1987). 
Active microwaves allow the detection of water flooding beneath canopies (Hess, 1990). New 
satellite and airborne systems have been constantly improved in accuracy and resolution. 
Operational commercial satellites systems through 1992 have provided sequential improvement in 
spatial resolutions from 80m, to 30m, and ultimately to 10m. Governments and U.S. corporations 
have announced plans to launch remote sensing satellites during the next 5 years that will provide 
spatial resolution of 1 to 15 meters with location capability approaching pixel resolution.
Geolocation is based on information derived from the global positioning system (GPS) and high 
accuracy reference network (HARN) (Brannon, 1994). These systems enhance the understanding 
of the landscape epidemiology of disease with consequent benefits to the operation and management 
of health care. Common GIS databases can be used to develop models of disease and allow testing 
o f new hypotheses, in addition to identifying minimal database for prediction (Gettinby, 1991). 
These databases avoid the cost o f redigitizing base and thematic maps related to the same area 
(Cliff; 1995)
Remote sensing, GIS, and computerized models depicting populations have been applied to a 
number of public health problems such as mosquito-borne infections, where egg-laying habitat, host 
availability, resting areas, rainfall, soil, and water salinity are of importance (Brady, 1991; Clarke, 
1991). The influence o f soil type, moisture, and temperature are significant in the distribution of 
trematodes (Zukowski, 1990). Other examples include the effect of rainfall, moisture, and
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temperature in relation to the habitat of ticks (Arambulo, 1991) and tsetse flies (Cooper, 1991), and 
to the epidemiology of rabies in foxes (Simarro, 1991).
The traditional concepts of “biological causation” in the interpretation of endemic disease or 
epidemics is constantly changing and new opportunities have been created to interpret determinants 
of diseases. The inherent advantages of GIS are relevant to many applications, including surveillance 
and management of health care programs.
The complexity of interaction among the triad of agent, host, and environment is appropriate 
to the capability of GIS databases. Manipulation, storage, and depiction of data reflects the need to 
integrate multidisciplinary expertise in structured investigations. Detailed habitat mapping is 
required to understand the dynamics of vector-borne disease transmission, especially when biotype 
transformation occurs.
In recent studies, GIS has contributed to the knowledge of the epidemiology of bovine 
theileriosis (Theileria parva), to develop a simulation model of bovine tuberculosis, and to 
understand the distribution o f foot and mouth disease (Peiffer, 1994; Sanson, 1990; Lessard, 1990). 
Recent applications include environmental risk assessments for vector-bome diseases in which the 
interaction of environmental variables limits the distribution, number, and occurrence of vectors and 
reservoirs (Glass, 1992). Geographic information systems are becoming an important component 
of the UNICEF Guinea Worm Eradication Program (Clarke, 1991).
Climate and vegetation were identified as “controlling” patterns in estimating the distribution 
of east coast fever, a tick-bome disease vectored by Rhipicephalus appendiculatus (Perry, 1990). 
Results of die modelling techniques incorporated into GIS indicated the feasibility of predicting the 
abundance of disease vectors and their distribution (Perry, 1991). GIS has been used to develop a 
reliable predictive model for the risk of exposure to the vector of Rocky Mountain spotted fever 
(Linthicom, 1991).
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The advantage of GIS for identifying geographic clusters of diseases, analyzing their spatial 
relationship, and defining environmental risk factors has facilitated an understanding of the deer 
tick Ixodes dammini, the vector of Lyme disease (CDC, 1993). The deer tick was found in clusters 
along major rivers in the state of Illinois using GIS (Kitron, 1991). High risk areas for Lyme disease 
have been identified in Maryland (Glass, 1992). Epidemiologic techniques to identify factors 
associated with disease can be combined with GIS to establish how distribution is influenced by 
environmental factors (Glass, l994).Incorporating GIS technology into a risk-based epidemiological 
study established the density and estimated the influence of geographical factors on the spread of 
Aujeszky’s disease (Cowen, 1994; Cowen, 1993; Marsh, 1991).
The elucidation of the preference o f tsetse flies for specific vegetation can be accomplished by 
applying GIS. This facilitates rapid preventive intervention to control trypanosomiasis (Rogers,
1991). In Equatorial Guinea, three specific sites, geographically limited by altitude and similar 
vegetation, were identified as foci for Trypanosoma gambiense (Rogers, 1993).
Remote sensing, in combination with GIS, has been used to investigate mosquito-bome 
diseases (Tempalski, 1994; Richards, 1993; Clarke, 1991). Studies on the control of malaria have 
identified villages at high risk of vector-human interaction (Beck, 1994). Multidisciplinary studies 
using GIS and remote sensing to locate habitats of Anopheles larvae have demonstrated the high 
sensitivity of vectors to an array of environmental conditions (Roberts, 1991). It was possible to 
ascertain that rice fields that were located near human habitation and had development of early 
vegetation supported higher populations o f mosquito larvae than fields located further from human 
hosts and having slower developing vegetation canopies (Wood, 1991).
In the control of the mosquito vectors of Rift Valley fever (RVF) in Africa, GIS has 
demonstrated a relationship between high temporal frequency of viral activity and change in the 
ecosystem. The specific factor was rainfall and the consequential flooding of “dambos,” the favored
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mosquito-breeding habitat. (Pope, 1992; Linthicum, 1991). Similar technology has been applied to 
define the spatial correlation between sand flies, the dynamics of mammalian host population, and 
die location of dwellings housing individuals with leishmaniasis. Results of GIS studies have been 
applied to reduce this infection in the Sudan (Connor, 1994).
In a recent publication, the World Health Organization (WHO, 1994) recommended the use of 
remote sensing and GIS to reduce the spread of human trypanosomiasis in periurban areas. 
Environmental changes detected by GIS can be correlated with data from health surveys to establish 
potential limits of transmission, facilitating rapid intervention (Mott, 1991).
Remote sensing, integrated with GIS, is of value in understanding fascioliasis, a snail-borne 
trematode parasitism. Studies have defined the site-specific risks of disease in bovine hosts. A 
positive association between the intermediate snail hosts of Fasciola hepatica with specific soil 
types has been demonstrated in the chenier plain region of Louisiana (Zukwoski, 1992; Malone,
1992).
In China, remote sensing technology associated with GIS has been used to identify the 
relationship between three ecological zones and endemic diseases. Schistosomiasis was located in 
humid zones and concentrated in the marsh depressions supersaturated with water. Keshan disease 
and Kaschin Beck disease are mainly distributed in in the transitive zone where water and soil loss 
occur. Endemic fluorosis occurs in dry regions where the high fluorine content in drinking water 
results from evaporation (Chen, 1991).
In Japan, a predictive habitat model for Oncomelania nosophora has been developed by 
overlaying maps of soil type, soil moisture and hydrology to successfully develop control strategies 
for S. japoniciun (Nihei, 1981). In the Philippines, weather variables and remotely sensed data were 
successfully used to classify levels of transmission of schistosomiasis (Cross, et al., 1984; Cross, 
1984).
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The complex nature of schistosomiasis and the potential to apply predictive models has been 
investigated with GIS by the Egyptian Ministry of Health (MOH). The technique can be applied to 
control schistosomiasis in the Delta and Middle Egypt regions (Abdel Aziz, 1995). Prevalence data 
on S. mansoni derived from the 1935 and 1983 surveys in the Nile Delta were previously shown 
to be inversely correlated with values for temperature differences (dT). These were prepared from 
day-night pairs o f Advanced Very High Resolution Radiometry (AVHRR) using thermal infrared 
data obtained from the NOAA-ll satellite (National Oceanographic Atmospheric Administration). 
The distribution of schistosomiasis in Egypt suggests that AVHRR-derived thermal difference maps 
reflect regional hydrologic features that can predict environmental risk (Soliman, 1995; Malone, 
1994). The dT rank, compared to numbers of Biomphalaria alexandrina and Bulinus tnmcatus 
present in rivers and drainage canals surveyed by the MOH, showed an inverse correlation between 
abundance of B. alexandrina and dT. This suggests that environmental moisture limits the 
occurrence of this snail in the Southern delta. This pattern is consistent with previous data on S. 
mansoni (Bavia, et al., 1995). Similar GIS techniques have been used to study the distribution of 
snails that serve as the intermediate host of schistosomiasis. The systematic examination of data 
collected from numerous sampling sites in the irrigation system around several villages in selected 
govemorates in Egypt has been facilitated by GIS (Yousif, 1995).
A notable feature of schistosomiasis in Brazil and others countries is the sporadic prevalence 
of infection that has been attributed to environmental effects, local snail-parasite relationships, and 
sociologic factors. These include agricultural practices and proximity of a particular community to 
foci of transmission (Barreto, 1991, Lafer, 1970). Identifying high-risk areas may deter settlement 
and may assist in the development of control strategies that incorporate frequent chemotherapy and 
control of snails in populated areas.
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Spread of die disease to newly setded areas is a major concern for the National Schistosomiasis 
Control Program in Brazil. Reports previously cited suggest that GIS can be used to implement a 
digitized analysis of standard maps and existing epidemiological databases to assess environmental 
risk for schistosomiasis in Brazil.
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METHODOLOGY
Study area:
The area of study comprised the state o f Bahia in northern Brazil, which covers an area of 
583,248 km2 and 932 km of Atlantic Ocean coastline. The state of Bahia is located within the 
parallels 8° 00* and 18° 30' South latitude and between the meridians 36° and 46° West longitude. 
The estimated population of Bahia exceeds 12 million, distributed throughout 415 municipalities 
at a median altitude of 400 m above sea level. The ethnic composition comprises West African, 
Portuguese, and Spanish heritage. The climate is tropical in the coastal areas and semi-arid inland. 
Tropical forest is the dominant vegetation within coastal areas; agreste and caatinga occur inland. 
The Geographic Information System (GIS)
The development of this database required the integration of several techniques. GIS and 
computer cartography methods specific to this project included: translating and transferring data, 
digitizing, transforming map projections, data management and analysis, including edge matching 
(individual files to construct composite maps), GIS featurizing, and querying for all levels 
represented in the database (Clark, 1990).
1. The digitizing process
Maps of general vegetation and soil types from the Atlas of Brazil (FLBGE, 1987), snail 
distribution (MOH, 1989), and climatic variables were digitized with Bentley Microstation and 
Modular GIS Environment software MGE/SX (Intergraph Corporation), creating design files for 
each variable on separate levels. Maps of vegetation and soils were obtained in the Polyconic 
Projection using a scale of 1:10,000,000. Climatic maps with scale 1:15,000,000 provided 30-year 
average data on annual precipitation, annual temperature, annual maximum and minimum 
temperatures, and dry periods (Edmar Nimer, 1990). Hypsography and boundaries of municipalities
25
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were obtained by downloading depicted map data from the Digital Chart of the World (DCW) at 
a scale of 1:1,000,000 (Intergraph Corporation, 1993). A map of snail distribution was geo- 
referenced by latitude and longitude at a scale of 1:12,000,000. All climatic maps were published 
separately for the northeast and southeast of Brazil. After digitizing the maps, files were merged to 
create a single file for each category and feature.
2. Transforming map projections
Digitized maps were geo-referenced to the DCW base maps at a scale or 1:1,000,000. Using 
the MGEMAP module and Systems Environment of Intergraph software, the Digital Chart of the 
World files were converted from a three dimensional (3-D) geographic projection to a two- 
dimensional projection. These were displayed and translated to Universal Transverse Mercator 
(UTM), Zone 23, Southern Hemisphere, an international plane coordinate system which extends 
around the world from 84° North to 80° South. The world is divided into 60 zones each covering 
6° longitude. Each zone extends 3° eastward and 3 ° westward from its central meridian. Zones are 
numbered consecutively west to east from the 180° meridian (Gersmehl, 1991).
3. Data management and analysis
Spatial data were processed and analyzed within the Modular GIS Environment (MGE/SX). All 
procedures were completed using a UNIX-based work-station running Bentely Microstation and 
Intergraph GIS software interactively with Intergraph’s Relational Interface System (RIS) to 
facilitate the application of Oracle database software (Bentley Systems, 1993). The MGE/SX 
environment allowed the project to be centered, creating a directory database, and defining the 
“project schema” of categories and features. The system created files and loaded graphics and 
database information, including the definition for coordinate systems and working units. All 
digitizing of graphic data and validating for correctness was accomplished with this software.
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Individual files were created including variables for climate, soil and vegetation types, 
hypsography, municipalities, disease prevalence, snail distribution and other environmental 
variables.
A “project schema” and database were created within the Oracle database system by processes 
outside the MGE/SX environment and linked through the Relational Interface System (RIS). This 
procedure is required to develop database tables and columns to be populated with information 
relating to graphic files and referenced within the GIS as category, tables and attributes.
Selected categories and features were identified for each spatial variable loaded into the Oracle 
Database when populated with identifiers, such as soil by class; vegetation by type, and specific 
climatic conditions.
A topological file, comprising a mathematical representation of the spatial relationships between 
geographic elements, was created to perform spatial analysis.
Querying was performed within the Intergraph Modular Geographic Environment Analysis 
(MGA), a software product within the Modular GIS software family. It provided the spatial analysis 
component of the Modular GIS environment by generating the answers to questions concerning the 
spatial relationships that exist between geographic features. The MGA created topologically 
structured files from design files used to perform spatial analysis. The results obtained from queries 
on a topological file were graphically displayed, placed into a designated design file, or converted 
into either a screen file or relational database table report (Intergraph, 1993).
Sample Site
A sample comprising 270 municipalities in the state of Bahia was selected for study. These 
municipalities were included by the Ministry of Health (MOH) in the Schistosomiasis Control 
Program conducted during 1991-1993. The population in these municipalities was subjected to
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standard MOH chemotherapy and snail control intervention programs were implemented under the 
direction of the National Foundation of Health (NFH) (Ministerio da Saude, 1992).
A random sample scheme was used to select 30 municipalities, which were arranged according 
to prevalence of schistosomiasis to create the data sample. Three groups were designated: 1) 
municipalities with S. mansoni prevalence of 0.1% to 4.9 % were assigned to a “low prevalence 
group” (Y,). 2) Rates of 6.3% to 18.0% schistosomiasis prevalence were assigned to the “medium” 
prevalence group (Y2). 3) Municipalities with rates of 21% to 61% were assigned to the “high 
prevalence group” (Y3).
The Population Sample
The population sampled consisted of school children 7-14 years of age that had been bom in 
and residing in one of the 30 municipalities selected for the experiment.
Host-Parasite Database
1. Prevalence variable
Prevalence data for schistosomiasis in 1950 were furnished by the Brazilian Ministry of 
Education and Health (MES, 1950). All school age children were screened using the Hoffmann 
technique (Hoffmann, 1934). Prevalence data for 1991-1993 were furnished by MOH (Ministerio 
da Saude, 1994) from SCP and reflects the results of fecal screening surveys using the Kato-Katz 
technique (Katz, 1979), on samples derived from children in each municipality selected in the 
experiment.
2. Snail distribution variables
From digitized maps, five features were created for the snail distribution category as indicated 
below:
A = presence of only B. glabrata in the municipality.
B = presence of only B. straminea in the municipality
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
29
C = presence of only B. tenagophila in the municipality 
A + B = presence of B. glabrata and B. straminea in the municipality.
Free = A municipality free of snails.
Population density variable
The population for each municipality was obtained from the Brazilian Foundation Institute of 
Geography and Statistics (FTBGE, 1990).
The population density (Pdens) variable is represented by the expression:
Am / Popm = Pdens 
where: Am = area of municipality in Km2
Popm = population of the municipality in 1990.
UD area variables = UD area
This variable was generated by GIS functions and represents, by polygons, the area in Knr of 
each variable within each municipality.
Area weighted average
Using the spatial overlay function, each environmental variable was overlaid separately with 
each municipality, as the value of schistosomiasis prevalence rate was representative of the total area 
of each municipality. The GIS calculated the area and the percent of each UD area in each 




Elevation (ELEV) was obtained from digitized maps from the Digital Chart o f the World 
(CDW), database for each sample site.
2. Climatic variables
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Five variables (Max-RF; DRY-MO; MAX-T; MIN-T; THRMO-R) were created from 
cartographic maps, representing 30 years average climate data for each municipality in the study 
(Nimer, 1990).
M MAX-RF = mean maximum rainfall 
M DRY-MO = mean number of dry months during the year 
M MAX-T = mean maximum temperature 
M MIN-T = mean minimum temperature 
M THRMO-R = mean rainfall in 3 consecutive months
3. Delta-T variable
Expresses the temperature difference between municipalities 
MTmax -  MTmin = Delta-t 
Where: Mtmax = mean monthly maximum temperature during the year for municipality and 
Mtmin = mean monthly minimum temperature for each municipality.
Soil types variables
Four types of soil were digitized: latossolo, latossolo/acid, liiossolo and mediterrcmeo.
Latossolo = deep soil with high porosity and a high proportion of mineral as silt, without 
differentiation of superficial horizon, and with significant accumulation of clay. Distinguished by 
having more than 35% accumulation of clay.
Latossolo/acid = deep soil with high porosity and a high proportion of mineral as silt, without 
differentiation of superficial horizon, and large amount of acid reaction.
Litossolo= shallow soil with little development and superficial horizon formed by accumulation 
of organic matter.
Mediterrcmeo = non-acid soil, moderately deep, with a superficial clay horizon that becomes 
extremely hard when dry.
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Vegetation types variables
Six types o f vegetation were digitized : mesofilas, esclerofilas, caatinga, transiqao, cerrado, 
and agreste.
Mesofilas is from areas with medium humidity; well adapted to localities of 1000-1600 
mm/year of precipitation.
Esclerofilas is adapted to semi-desert areas with precipitation indices between 400-800 
mm/year.
Caatinga: typical of northeast and dry climates (7 or more months o f dry period).
Transiqao: area with cerrado and caatinga vegetation.
Cerrado: vegetation adapted to dry region (4 or 6 months of dry season).
Agreste: typical vegetation of coast area without dry season; evergreen vegetation.
Statistical Analysis
Student’s “t” test was calculated for each group (Shott, 1990). The degrees of freedom (df) was 
obtained based on number of municipalities for each group. The critical value for Student’s “t” test 
was obtained to a 5% level of confidence and the formula represented below (Li, 1990).
SS = Ey2
n
t  = y  i ~ y i
/  \
*) f 1 I
S-p —  + —
n,  rc,
V * 2 /
where: n = number of observations 
y, = mean of the group 
y2 = observations in group 
SS = sum of square
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Composite analyses were employed to analyze the non-numerical variables, e.g., soil types, 
vegetation types, and snail distribution (Agresti, 1990).
SAS software was used for extracting data results (SAS, 1984).
Quattro Pro® software was used to extract data results and to generate graphics (Quattro Pro®, 
1994).
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Figure 1. Geographical information system for schistosomiasis in Brazil framework
RESULTS
The spatial database generated by the computer is in the form of a vector database. The set of 
points, lines, and areas (polygons) is defined by their location in space with reference to a coordinate 
system and by a descriptive attribute database. Using a digitizing process, thematic maps (Hodgkins, 
1981) were generated showing quantitative and qualitative information expressed as Choropath- 
Maps. The boundaries of defined polygonal enclosed areas were assumed to be uniform. Features 
and attributes described by these polygons and their quantitative data were mapped as mathematical 
descriptions (Burrough, 1985). Thematic maps were created for:
1) Thirty representative municipalities in the state of Bahia (Figure 2);
2) Schistosomiasis prevalence rates for each municipality, grouped according to low, medium, 
and high prevalence rates (Figure 3);
3) Distribution of snail vectors: B. glabrata, B. straminea, B. straminea and B. glabrata, B. 
tenagophila, and areas free of snails (Figures 4 through 8);
4) Hypsography (Figure 9);
5) Rainfall characteristics: period o f dry months (Figures 10 and 11), five months of dryness 
(Figure 12), three months of dryness (Figure 13), maximum rainfall (Figure 14), and three months 
of consecutive rain (Figures 15 and 16);
6) Atmospheric temperatures: maximum temperature (Figures 17 and 19), minimum snnusl 
temperature (Figures 18 and 19), and temperature difference—Delta-t (Figure 19).
7) Soil type: latossolo, litossolo, litossolo /acid and mediterraneo (Figures 20 and 21);
8) Vegetation type: caatinga, transicao, cerrado, agreste, esclerofila, and mesofila (Figures 22 
and 23).
34
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Figure 2. Thirty selected Municipalities. Red=High Schistosomiasis Prevalence; 
Green= Medium Schistosomiasis Prevalence and Blue= Low Schistosomiasis 
Prevalence
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Figure 3. Schistosomiasis Prevalence in 30 Selected Municipalities
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Figure 5. Biomphaiaria glabrata Distribution in Municipalities with Low, Medium 
and High Schistosomiasis Prevalenece
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Figure 6. Biomphalaria straminea Distribution
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Figure 7. Biomphalaria glabrata & R  Straminea Distribution in Municipalities 
with Low, Medium and High Schistosomiasis Prevalence
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Figure 8. Snail Free Areas
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Figure 9. Hypsography
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Figure 10. Periods of Dryness
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Figure 11. Length of Period of Dryness in Municipalities with Low, 
Medium and High Shistosomiasis Prevalence
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Figure 12. (Top) Tropical Hot Climate, State of Bahia with 5 Months of Dryness
Figure 13. (Bottom) Mediterraneum Hot Climate, State of Bahia with 3 Months of 
Dryness
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Figure 14. Annual Rainfall
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Figure IS. Annual rainfall in Three Consecutive Months
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Figure 16. Average of Annual Rainfall and Average of Three Months of Consecutive 
Rainfall
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Figure 17. Maximum Annual Temperature
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Figure 18. Minimum Annual Temperature
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 19. Average Annual Maximum and Minimum Temperature plus 
Temperature Difference in Municipalities with Low, Medium and High 
Schistosomiasis Prevalence
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Figure 20. Soil Types
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Figure 21. M ajor Soil Type in Municipalities with Low, Medium and High 
Schistosomiasis Prevalence
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Figure 22. Major Vegetation Types
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Figure 23. Three Major Vegetation Type in Municipalities with Low, Medium and 
High Schistosomiasis Prevalence
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Figure 24. Population Density, Municipalities with Low, Medium and High 
Schistosomiasis Prevalence
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The Geographical Information Systems (GIS) generated a total of 942 unique polygons as 
observations relating to the study area (Appendix I). The number of observations depicted in each 
municipality is listed in Table 2.
Statistical analysis, performed on data extracted from the GIS database using Oracle database 
software and Intergraph GIS software applied to the format of the maps and tables is represented 
by Figure 1.
Mean prevalence rates were calculated to determine whether significant differences existed 
between the means of low, medium, and high prevalence groups. Municipalities designated as “low 
schistosomiasis prevalence” areas (11 municipalities) had a mean of 1.5% (Table 3). For 10 
municipalities designated as “medium.” the mean prevalence rate was 11.8% (Table 4). The rate for 
the group of 9 municipalities assigned to the “high prevalence” group was 33.6% (Table 5).
Student’s “t” test was used to analyze data with 0.0 5 as the sign determinant. There were 19 
degrees of freedom (df) for the comparison of the difference between the means in low and medium 
prevalence rate groups. There were 18 df between low and high, and 17 df in the comparison of 
medium and high schistosomiasis rates. The critical values of significance for this test, derived from 
the df for each group, was 1.73 for the low infection rate group, 1.73 for medium and 1.74 for high 
infection rate (Table 6).
Mean population density ranged from approximately 19 to 50 people/km2. Municipalities in the 
low prevalence group had the lowest population density. Comparisons of the mean of population 
density revealed a statistically significant difference between municipalities designated as low and 
medium and between low and high prevalence groups (Table 7).
The mean of the area in square kilometers from municipalities that composed the low 
schistosomiasis prevalence group was 4,671; 814 km2 for medium groups and 686 km for high 
schistosomiasis prevalence groups, respectively. The difference between the means of the areas for
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Table 2. Sample Site and Number of Observations Generated by 





























Coracao De Maria 24
Itamari 7
Anguera 10
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Varzea Do Poco 4.9
Mean of the Group 1.5
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Table 4. Medium Prevalence Group (YJ











Mean of the Group 11.8
Table 5. High Prevalence Group (Y3)










Mean of the Group 33.6
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Table 6. Prevalence Groups, Student’s “t” Test
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Y, vs. Y71 test 19 df -  6.83208*_____________________
Y, vs. Y, t test 18 df -  8.77821**____________________
Y, vs. Y, t test 17 df -  5.2966***
* group o f municipalities with low schistosomiasis prevalence rate vs group 
municipalities with medium schistosomiasis prevalence rate 
** group of municipalities with low schistosomiasis prevalence rate vs group of 
municipalities with high prevalence rate 
***group of municipalities with medium prevalence rate vs group of municipalities 
with high prevalence rate
Table 7. Differences Between Population Density Means
Prevalence Groups Population Density 
Mean%
Low Prevalence Group 18.78
Medium Prevalence Group 35.94
High Prevalence Group 49.86
groups of municipalities with medium and high schistosomiasis infection rates was not significant. 
Significant differences were observed in the comparison of areas of municipalities classified as low 
versus medium disease prevalence for the low versus high comparison (Table 8).
The mean of elevation among the municipalities ranged from 510 m to 384 m above sea level. 
Student’s “t” test did not reveal any significant differences in elevation of the municipalities in the 
study (Table 8).
The mean for the number of dry months/year was calculated for each group of municipalities. 
A mean of 3.2 months without rain was recorded for municipalities with high schistosomiasis 
prevalence rates. In the areas where prevalence rate was low, the mean number of dry months was 
5.5, with 4.0 months in the medium prevalence group. The difference in the mean values for dry 
months was significantly different in the comparison of municipalities with low and medium and
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the low and high prevalence rates. No significance was observed in the comparison between 
municipalities with medium and high prevalence rates (Table 9).
Table 8. Mean o f Elevation/ft and Total Area/km2
Prevalence Groups Elevation (m) Total Area (km2)
Low Prevalence Group 1676.09 4671.09
Medium Prevalence. Group 1262.30 814.20
| High Prevalence. Group 1439.33 685.66
Table 9. Means o f Hydrological Features






Y. 5.54 1049.54 481.73
y 2 4.00 1036.55 439.24
y 3 3.66 1182.87 436.28
Maximum rainfall (1182.8 mm/y) occurred in the group of municipalities with high prevalence 
rates, and the lowest amount of rainfall (1036.5 mm/y) in municipalities with medium rates of 
schistosomiasis. The difference between the mean values of rainfall between the groups were not 
statistically significant (Table 9).
No significant differences were observed from the analysis of the means of the three consecutive 
months of rainfall/year. The maximum rainfall registered in 3 consecutive months occurred in 
municipalities with low' prevalence (481.73 mm/y). The quantity of rainfall decreased in the medium 
(439.4 mm/y) and high prevalence (436.3 mm/y) groups, respectively (Table 9).
Atmospheric temperature was recorded as maximum, minimum, and difference in temperature. 
Since the difference in the means of both maximum and minimum temperature among groups was
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less than 1°C no significance could be detected between mean maximum, minimum, or differences 
in diurnal temperature (Table 10).





Maximum Temperature °C 39.08 38.67 39.09
Minimum Temperature °C 7.19 7.57 7.83
Delta-t °C 31.81 30.82 31.02
An analysis of soils (Table 11) considered the relative composition (area/kra2) among 
mediterraneo, latossolo, latossolo/acid, and litossolo types.
The mediterraneo soil was present in 9 municipalities assigned to the low prevalence group, in 
8 municipalities from the medium group and 7 municipalities designated high prevalence. The 
difference between the means of area covered by soil type was not significant. No litossolo coverage 
was depicted by the system in municipalities classified with medium or high prevalence rates. A 
significant difference between the means of soil coverage was detected in areas with a low 
prevalence of schistosomiasis. A high proportion of latossolo soil was found in municipalities with 
a high disease prevalence (2,957 km2). Less than I km2 of area was identified in municipalities with 
low prevalence rates. Difference between the mean values for high and low prevalence groups were 
statistically significant. The presence of latossolo/acid was determined in only one municipality.
Six types o f vegetation were depicted among selected municipalities (Table 12). The caatinga 
classification of vegetation covered 2,900 km2 of the total area of municipalities designed as low 
prevalence; 2,372 km2 was recorded in the medium areas and 20982 km in high prevalence 
municipalities. The “t” test did not reveal significant differences between the means among 
municipalities with respect to caatinga vegetation.
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Table 11. Soil Coverage
Soil types
Mean
difference Latossolo Litossolo Latossolo! acid Mediteraneo
Y, vs. Y, -0.62 2.72* 0.95 0.02
Y , vs . Y 3 -3.01* 2.57* 0.90 1.52
Y, vs. Y-, -2.09* 0.00 0.00 1.41
* within rows inc icates significance (p < 0.05) difference
Trans iqao (transition from caatinga to cerrado) coverage was present in 44.45% of the 
municipalities designated as high prevalence; 9.9% in medium and 10% in the municipalities with 
low prevalence rates respectively. Significant differences were observed between medium and high 
prevalence rate municipalities. Not one municipality from the high prevalence groups was covered 
by cerrado vegetation. Of the municipalities with medium schistosomiasis prevalence rates, 10% 
had cerrado as part of the total vegetation cover. No statistically significant differences were noted 
between the difference of the means calculated for transiqao, escleroftlas, or mesoftlas vegetation 
types.
Table 12. Vegetation Coverage
Vegetation type
Mean
difference Caatinga Transiqao Cerrado Agreste Escleroftlas Mesoftlas
Y, vs. Y2 0.66 -0.06 0.81 1.20 0.61 0.95
Y, vs. Y, 0.97 1.74* 1.71 1.85* 0.20 0.95
Y2 vs. Y, 0.29 1.61 0.94 0.57 0.36 1.59
* within rows indicates significance (p < 0.05 difference)
Biomphaiaria glabrata snails were present as the major species in areas designated with high 
schistosomiasis prevalence. Significant differences were detected between groups of municipalities
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of high and low, and medium and high prevalence, respectively, with regard to extent (km2) of 
distribution of this snail (Table 13).
Table 13. Student’s “t” Test for Biomphalaria glabrata
___________ Y, vs. Y ,ttest 19 d f -2.70*___________
___________ Y, vs. Y, t test 18 df -1.76*___________
Y, vs. Y, t test 17 d f -  0.72 
♦indicates significance (p < 0.05 difference)
The difference in the mean distribution of/?, straminea between the groups was not significant 
(Table 14).
Table 14. Student’s “t” Test for Biomphalaria straminea
____________Y, vs. Y, t test 19 d f -  0.95___________
____________Y, vs. Y, t test 18 d f -  0.90___________
____________Y, vs. Y, t test 17 d f -  0.00___________
The presence of combinations of these species (B. glabrata and B. straminea) was recorded in 
all municipalities. A statistically significant difference in the extent of area populated with these 
snails was observed between high and low prevalence areas (Table 15).
Table 15. Student’s “t” Test for B. glabrata and B. straminea
_____________Y, vs. Y71 test 19 df -0.99____________
____________ Y| vs. Y, ttest 18 d f -2.32*____________
_____________Y, vs. Yt t test 17 d f -1.19____________
♦indicates significance (p < 0.05 difference)
Differences between the mean areas considered free of snails was statistically significant 
between municipalities with low and high and low and medium schistosomiasis infection rates, 
respectively (Table 16).
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Table 16. Student’s “t” Test for Areas Free of Snails
Y, vs. Y? t test 19 df -  3.54*
Y, vs. Y? t test 18 df -  3.29*
Y, vs. Y, t test 17 df -  0.07
♦indicates significance (p < 0.05 difference)
The results of spatial queries performed on the GIS layers in municipalities with low, medium, 
and high schistosomiasis prevalence are represented by Figures 25 through 29.
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Figure 25. Snail Distribution, Schistosomiasis Prevalence
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Figure 26. Snail Distribution and Period of Dryness
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Figure 27. Schistosomiasis Prevalence, Snail Distribution & Period of Dryness
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Figure 28. Schistosomiasis Prevalence, Snail Distribution, Period of Dryness, 
Major soil Type and Major Vegetation Cover
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Figure 29. Schistosomiasis Prevalence, Snail Distribution, Period of dryness, Major 
Soil Type
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DISCUSSION
The application of GIS has created new opportunities to investigate the ecological epidemiology 
of schistosomiasis. Overlay of multiple variables highlights factors in relation to areas of interest. 
This GIS study was undertaken with the objective of providing a dynamic and usable mapping 
system for schistosomiasis in the state of Bahia. The system has the potential to be used by decision­
makers in planning schistosomiasis control programs.
The GIS was developed by integrating several techniques. Although a globe is the best 
representation of the relative size and locations of features on the earth’s surface, it is impractical 
to maintain an “atlas” of many globes each depicting different features (Gersmehl, 1991). 
Cartographers have developed various projections to describe the surface of the earth as a flat plane. 
Each projection has advantages depending on the intended use. In this project several maps with 
different (but most polyconic) depictions were used.
Polyconic projection is useful to depict large areas of interest. This two-dimensional projection 
is developed by fitting an imaginary cone over a portion of the earth’s surface located at a mid­
latitude. The scale is accurate where the cone makes contact with the earth. Distortion increases with 
distance away from the contact point. The GIS software used in this project has the capability to 
mathematically correct for distortions. Digitized maps were converted to Universal Transverse 
Mercator (UTM) projection to conform to universal usage.
In the Module Geographic Environmental (MGE), a study requires the creation of a database 
in a vector format, in addition to definition of specified categories and features of interest, including 
coordinate systems. Building files and loading graphic and database information requires digitizing 
and validating graphic data.
72
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A vector format system of Intergraph is considered a good representation of the structure of 
phenomenological data. Topology can be completely described with network linkages, which 
provide accurate graphics and easy retrieval. Updating and generalization of graphics and attributes 
are convenient with the system. Some disadvantage relates to the difficulty of simulation and the 
cost price of plotting software (Burrogh, 1985). The selection of this software was justified by the 
equipment and facilities available at Louisiana State University.
Climate and hydrological features
The influence of latitude and hypsography in northeast Brazil determines the distribution of 
temperatures (range from 17.8°C to 26°C). The intensity of solar radiation depends essentially on 
the height of the sun from the horizon. Variation in temperature is inversely proportional to latitude. 
The quantum of annual averageradiation absorbed directly from the sun in this region are 0.39 
cal/cm2/min for short waves and 0.39 cal/cm2/min for long waves (Nimer, 1982). The annual mean 
temperature varies between 26°C and 28’C.
Almost all geographic regions near the equator have mean temperatures between 26° and 28 °C. 
The high elevation within the region and the action of the littoral wind from the coast prevents the 
mean annual temperature in this region rising above 26 °C. The influence of latitude and topography 
is responsible for the variation in temperature in the state of Bahia. The winter months of June and 
July represent the time when the sun is most distant from the zenith with the least solar radiation. 
November is the hottest month of the year with a mean temperature exceeding 26°C.
Humidity and precipitation are important factors ,in conjunction with temperature, influencing 
the environmental conditions relating to schistosomiasis. Variation during the day in the rainy 
season lowers maximum temperature. More than 95% of the state of Bahia is characterized as a “hot 
climate” with a mean annual temperature above 18°C.
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The mean maximum and minimum temperatures follow the same patterns in all selected 
municipalities. The difference in diurnal maximum and minimum temperature (delta-T) indicated 
homogeneity among the study areas. As the temperature remains almost constant during all months 
of the year, this variable is not a determinant or limiting factor in the prevalence of schistosomiasis 
(Figure 13).
The pattern of rainfall within the state is typically tropical, with maximum precipitation during 
summer months of December, January, and February. During the winter months of June, July, and 
August, and during the spring months o f March, April, and May, minimum annual rainfall is 
registered in most areas of Bahia state (Nimer, 1989). It is important to note that, in addition to total 
quantity of precipitation, the distribution of rainfall is an important determinant of the ecology of 
parasites. Rainfall in Bahia is characterized by high concentration during a few months, with the 
exception of the costal area and the Reconcavo.
Comparison of the mean precipitation of the three consecutive months of the rainy season in 
municipalities comprising the study failed to indicate any significance difference between areas with 
high and low prevalence of schistosomiasis. The distribution of rainfall within the three consecutive 
months and the average of annual rain (Figure 14) was similar among all groups.
The duration of dry periods (Figure 15) lasting approximately 5 months was considered to be 
an important factor in the prevalence of schistosomiasis. In the coastal area of Bahia the dry season 
occurs during summer. In the west of Bahia the dry period occurs during both winter and summer. 
Variations in the seasonality and duration of the rainy periods is observed in different parts of Bahia. 
In all of the baiano littoral and extending to the Reconcavo, the dry season occurs during summer. 
From east to west until the border with Piaui, both winter and summer are dry. In the Sao Franciso 
area, which extends from the north to south of the state, the dry season includes winter, spring, and 
summer.
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The topography o f some areas, in relation to adjoining areas, has an effect on the seasonality 
and duration of the dry season. Municipalities such as Urandi (low schistosomiasis prevalence) and 
Condeuba (medium prevalence) bordering the north of the state of Minas Gerais, have dry seasons 
of 5.5 and 4.0 months, respectively. The length and distribution o f rain in this areas is attributed to 
the high elevation of die plateau and mountains. The extended period of rainfall reduces the duration 
of the dry season.
Within the group of municipalities that comprise the low prevalence groups, Juazeiro, bordering 
the state of Pemanbuco, had the longest dry period (8 months) with tropical seasonality of rain. The 
mean duration of dry season among municipalities with a low prevalence of schistosomiasis was 
5.5 months.
Approximately 63% of all municipalities classified as medium and high prevalence areas 
(Figure 16) are clustered around the east coast and have Mediterranean rainfall seasonality. These 
areas have a mean dry period of 3.6 months each year. The differences among the mean annual 
rainfall value and the amount of precipitation during three consecutive months was not significant. 
It was concluded that neither rainfall nor concentration of rain during a 3-month period were 
different among the three categories of prevalence. The frequency of distribution of relatively low 
rainfall in the coastal area is responsible for homogeneity among rainfall data. The length of dry 
season and the distribution of the rainfall during the year may influence prevalence in specific areas 
of Bahia but other factors, such as geographic position and topography, affect precipitation. The 
duration of the dry periods is a very important variable in the prevalence of schistosomiasis. The 
dry periods in low prevalence municipalities were approximately 6 weeks longer than in groups with 
medium and high prevalence rates. The mean in length of dry periods in municipalities with low 
prevalence rates was significantly different from areas with medium and high levels of 
schistosomiasis.
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Distribution of snails
Three Biomphalaria spp. are responsible for the transmission o f schistosomiasis in the state of 
Bahia. Biomphalaria glabrata is associated with areas of medium and high prevalence rates (Figure 
17). This vector occurs along the coast extending through the middle part of the state and was 
present in municipalities with a prevalence rate exceeding 50%. Biomphalaria straminea was found 
in association with B. glabrata bordering the states of Minas Gerais, Alagoas and Sergipe, and 
Pernambuco. Biomphalaria tenagophila is restricted to the south of Bahia.
The intermediate snail hosts of schistosomiasis in Bahia are adapted to a wide range of 
environmental conditions. Although they breed in many different areas, the presence of water, solid 
surfaces for egg deposition, and food are required for reproduction. Conditions for survival of this 
stage of the schistosome life cycle are present in a variety of habitats in the state. These include 
streams, lakes, irrigation, canals, ponds, flooded marshes, and wetlands. In general, snails inhabit 
shallow water with moderate light penetration, minimal turbidity, and a mud substratum rich in 
organic matter. Submergent or emergent aquatic vegetation and abundant microflora are required 
as a source of food. The distribution of snails within an area is not homogeneous. This reflects the 
fact that physical, chemical, and biological characteristics or factors in the environment modify the 
suitability of the habitat (Malek, 1976). Snails may concentrate in specific areas. Biomphalaria 
glabrata populates a small, isolated area in north central Bahia (Figure 18). The marshes and 
elevated springs associated with die headwaters of rivers serve as permanent reservoirs. This allows 
B. glabrata to be disseminated downstream to rivers and marshes where transmission of the disease 
occurs (Michelson (1982). Populations of B. glabrata in waterways are eliminated by heavy 
seasonal rains and those in low-level marshes are decimated by seasonal drought (Kvale, 1981). 
Without constant immigration from the permanent reservoirs, snail populations disappear from 
habitats at lower elevations (Sturrock, 1974). Headwaters and pools serve as a refuge for
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Biomphalaria spp. in Puerto Rico, in addition to Ethiopia and Minas Gerais state in Brazil (Thomas, 
1984).
The population dynamics of the intermediate snail host are influenced by hydrological factors 
and temperature (Shiff, 1974). Biomphalaria glabrata and B. straminea survive at temperatures in 
the range of 12°C to 40° C. There is a linear relationship between the development rate of 5. 
mansoni in the snail and water temperature. Temperature range extend froms 16 to 32 °C, with a 
14.2°C “null point” at which no cercariae are produced (Pfluger, 1981). It can be concluded that 
in the entire state of Bahia, the temperature o f water is conducive to reproduction of the host and 
parasite. A few municipalities studied recorded a temperature of 7°C, but only for a few days. 
Analysis of the data indicates that development o f schistosomes in snail hosts, the production of 
infective stages, and reproduction of snails is not affected by environmental temperatures prevailing 
in Bahia state.
Biomphalaria glabrata (often concurrently with B. straminea) is present in almost 100% of the 
municipalities with high prevalence rates of schistosomiasis (Figure 19). In contrast, this species is 
present in only 18.8% of municipalities with low prevalence rate. Biomphalaria straminea does not 
populate areas with high and medium rates o f schistosomiasis. Lynn (1992) observed that many 
areas with endemic S. mansoni have regular wet and dry seasons. Michelson (1982) observed that 
in some areas of Bahia, the capability of snails to transmit S. mansoni is associated with habitats 
characterized by temporary wet periods (Figure 20). It was not possible to determine the effect of 
hydrology on the distribution of snails in this study, since there were no differences in either mean 
annual or seasonal rainfall.
The length of the dry season is considered to be an important variable influencing 
schistosomiasis. In most of the areas where the annual dry season exceeded 5 months, snail hosts 
were absent (Figure 21). Consequently, the prevalence of schistosomiasis was low. In northeastern
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Brazil, snails are capable of surviving the dry season and quickly repopulate temporary habitats with 
the onset of the rainy season (Lynn, 1992). In these areas snails undergo diapause (estivation), 
contributing to survival under adverse conditions (Barbosa, 1958). The stress of prolonged drought 
is more important than the quantum of rainfall and the duration of wet season in these areas. Low 
rainfall or drought induces estivation, but will result in death of snails (Piere, 1987). The difference 
of approximately 6 weeks in the length of drought observed during the dry season is responsible for 
the difference in prevalence between municipalities with low and high, and low and medium 
prevalence rates of schistosomiasis, respectively. The availability of water is crucial for development 
of snails and, hence, infectivity. Drought is responsible for the low prevalence rates in these areas 
due to the temporary interruption in the life cycle of the snail host and parasite. Reproduction 
continues throughout the year, except during periods of drought (Michelson, 1982). Estivating B. 
glabrata may survive the total period of drought. Immature S. mansoni are dependent on the 
viability of the snail host (Richard, 1967) to maintain foci of schistosomiasis. Non-infected snails 
recovering from estivation repopulate sites. They are as susceptible to parasite infection as snails 
that did not undergo estivation. Production of cercariae by infected snails recovering from estivation 
occurs rapidly when snails are returned to water (Pieri, 1992).
In Bahia, B. glabrata populations can withstand a period of drought that occasionally occur. In 
the municipality of Castro Alves, unusual early rains in August resulted in a rapid onset of snail 
reproduction (Michelson, 1982). Neither the life cycle of the intermediate snail host nor that of the 
parasite was effectively broken by the drought. Biomphalaria straminea was present in only one 
municipality with a low schistosomiasis prevalence rate, which was located in an area of extended 
drought (Figure 22).
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Considering a situation where a non-infected snail aestivates during a long dry period and 
emerges following availability of water, the development of S. mansoni is depicted by the following 
relationship:
Y  =  2 6 8
*  -  14.2
where: Y = duration of schistosome development cycle in the snail in days; 
jc = constant temperature in °C;
268 = the number of days suitable for parasite development (above minimum temperature 
of 16° C)
Cercariae are usually shed between 27 to 31 days after infection of the snail host. This suggests 
that if the snail is not infected before estivation, the duration of the dry period must be added to the 
I-month development stage before infection of humans can occur. Results from this study confirm 
and extend the previous findings that estivating snails may play an important role in maintaining foci 
of schistosomiasis under practical conditions. These relationships must be taken into account in 
planning disease control programs (Lynn, 1992; Richards, 1967).
Municipalities with high schistosomiasis prevalence rates (mean = 33.61%) are located in areas 
with 3.6 months of drought during the summer period. Municipalities with medium and low 
prevalence show dry seasons of 4.0 and 5.5 months duration, respectively.
Significant differences were noted between the mean population densities (Figure 24) in 
municipalities with low (19 people/km2), medium (36 people/kni), and high (50 people/km) 
prevalence rates. High density of population occurs along the east coast of Bahia due to proximity 
to the state capital and economic development of the region. The concentration of population in 
small areas can influence schistosomiasis prevalence within a specific municipality (Jordan, 1982). 
This study recorded a low prevalencve rate in Parapiranga and a medium prevalence rate in Jandaira.
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Although these municipalities are located in areas with consistent trends for high rates of 
schistosomiasis, the local population density is regarded as a possible reason for this anomaly. The 
observation that difference exist among municipalities suggests the need for specific studies to 
define the micro-ecological factors that influence prevalence within areas with similar climatic 
characteristics. This observation suggests the need for specific studies to define the ecological 
factors which influence prevalence within municipalities. These results indicate the importance of 
population density in contributing to high levels of infection. This relates to the fact that populations 
will gather in regions close to water due to economic and domestic considerations. Previous studies 
have confirmed that the infectivity in most bodies of water is low with less than 5% of snails 
infected with dispersal of cercariae through a large volume of water (Ansari, 1973). The prevalence 
and intensity (parasite burden) of schistosomiasis in a population depends on quantum of parasites, 
frequency and length of exposure to infected water and host susceptibility.
From the analysis of soil types (Figures 21 and 29) and vegetation (Figures 22 and 28), depicted 
by the GIS, latossolo and litossolo soil types were significant determinants of prevalence rate in the 
municipalities studied. Large areas of latossolo were associated with high prevalence, especially in 
areas with a predominance of B. glabrata coexisting with B. straminea. This may be attributed to 
the characteristics o f this soil type, which incorporates more than 35 % clay, is poorly drained, and 
allows accumulation of water. The litossolo soil type is present only in areas with a low prevalence 
of schistosomiasis where B. glabrata and B. straminea both occur. This shallow soil type is 
deleterious for snail populations due to a superficial horizon formed by accumulation of organic 
matter.
Transition vegetation between caatinga and cerrado, and agreste, or coastal vegetation, covers 
the majority of the area with a high prevalence of schistosomiasis. No other soil or vegetation type 
was related to the distribution of schistosomiasis in the municipalities examined in this study.
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Because of the quality of the vegetation database available for in this project, the importance and 
influence of different types of vegetation in relation to schistosomiasis could not be determined.
The results o f this study suggest that not only the population density, but also the duration of 
the annual dry period, are the most important factors in the determining the prevalence of 
schistosomiasis in the state of Bahia. The design of programs for control should be based on 
chemotherapy at the end of the dry season with the objective of diminishing the level of infection 
in the water. Molluscicides should be used after onset of the period of rain when snail hosts are 
recovering from estivation. The duration of the dry season has received minimal attention from field 
investigators and there is a need for future studies to address this topic, together with an evaluation 
of other factors that interact in maintaining schistosomiasis as a clinical problem in human 
populations.
Future work
This study has identified environmental factors influencing the distribution and population at risk 
for schistosomiasis in the state of Bahia. Future work should address the environmental and 
demographic factors in specified areas which may influence the rate of infection. Socioeconomic 
variables, housing, contact with water, level of exposure, and degree of reinfection in children and 
adults should be addressed. A successful GIS risk assessment model could be used by planners to 
develop more appropriate control programs in both established communities and recently settled 
areas.
The long term goal should be to develop GIS models that can be used for risk assessment and 
to implement control programs for schistosomiasis in northeastern Brazil. A GIS environmental risk 
model developed for Bahia state would provide a prototype that can be modified for use in 
schistosomiasis control programs in other states. A suitable model could be adapted for other vector
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bome diseases o f public health importance. To achieve this goal in Brazil and other countries it 
would be necessary to define and correlate:
1) temperature difference (dT) maps and vegetation indices (NDVT) covering northeast Brazil, 
prepared from day-night pairs of images generated by the GOES and NOAA-13 environmental 
satellites. Monthly GOES day-night pair images (4 km2 resolution) can be selected from daily 
archives of the LSU Earth Scan Laboratory to create a monthly time series of temperature difference 
maps. Normalized difference vegetation index maps (NDVI) for an area subset including Bahia will 
be required. Temperature difference (dT) maps can be used to define thermal/moisture domains that 
reflect surface hydrology. The dT decreases with increasing moisture because of the temperature- 
buffering effect of water. The NDVI analysis would be used to create vegetation maps to define 
major ecologic zones and land-use patterns.
2) A historical point database is required relevant to the prevalence, latitude, and longitude of 
sites included in the 1950, 1970, and 1991 schistosomiasis surveys. The entire area of Bahia can be 
mapped using TeraScan as an overlay of dT and NDVI maps to identify stable patterns that are 
statistically correlated with prevalence. This can be achieved by comparing data kernels (2x2, 3x3, 
5x5 pixel areas) of dT and NDVI values to ranked prevalence data, and also by pattern analysis 
using the empirical orthogonal functions module available in TeraScan.
3) AVHRR and GOES maps can be incorporated into Intergraph GIS to further analyze and 
define the relationship of environmental databases for climate, soils, hydrology, topography and 
populations with thermal/moisture domains, vegetation maps, disease prevalence, and snail 
distribution in Bahia.
4) Environmental data on hydrology, soils, topography, and land use can be developed to define 
factors underlying the risk of disease at the local community level in a representative endemic area 
of Bahia using Landsat TM data (185 km2), village epidemiologic data, and detailed maps of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
83
environmental features. Local GIS can be used to define the relative suitability of climate, soil, 
vegetation, and other environmental factors in relation to the life cycle and transmission of S. 
mansoni at selected survey sites in Bahia. Landsat TM can be used to characterize agricultural and 
intervillage environments. Local GIS can be used to further define environmental features that 
underlie schistosomiasis prevalence patterns denoted by regional GIS incorporating moisture 
domains, topography and climate.
5) Field visits to selected villages during the transmission season should be arranged. 
Quadrangle sheets (1:10,000 scale) and Global Positioning Systems (GPS) can be used to locate 
schools, water courses contact points and relevant agricultural areas in selected communities.
6) An index of exposure can be estimated using GIS-derived measurements such as distance of 
schools and households to water courses, known infected water contact sites, and drainage basins. 
Characteristics of the community, including data on prevalence, reinfection rate, immunologic 
status, water contact behavior, socioeconomic status, and snail populations should be obtained.
7) Field teams can collect data on snail populations at 50m intervals from all water courses 
within a 1km radius of each of 3 communities at least once during the transmission season. Standard 
field methods can be used to identify vector species and characterize the abundance and infection 
status of snail populations.
8) A model based on the Thomthwaite water budget and growing-degree day concepts can be 
developed to provide a long-term (30-year average) climate suitability index for S. mansoni at each 
of the municipalities in the state of Bahia. This long-term climate index can be compared to annual 
risk indices calculated from daily climate data for the current year. Climate suitability indices can 
be analyzed in relation to risk estimates derived from GIS to correlate different variables to be 
incorporated into a comprehensive, empirical model of risk for schistosomiasis in specified 
populations.
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Area/Km2 Pop Density Elevation/m Dry Periods, 
months
Max. Rainfall 3 Mo. 
Rainfall
Urandi 0.1 6.50 735 20.36 2000 5.00 1245.58 593.54
Parating 0.1 0.00 4812 4.80 379 6.05 1000.00 550.00
XiqueXique 0.1 0.00 199 6.06 1545 6.97 861.51 550.00
Correnti 0.2 0.20 20111 2.04 1755 5.00 1441.20 550.00
Gentio d 0.3 0.00 3682 2.45 281 6.27 1000.00 550.00
Quiqingu 0.4 3.48 2094 11.98 1000 7.07 750.00 366.79
Juazeiro 1.3 3.31 7443 3.54 1227 7.87 734.66 572.42
Valente 2.8 1.20 840 35.08 1200 6.00 750.00 367.14
Itanagra 3.0 6.00 396 15.24 250 1.08 1761.99 450.00
Paripira 3.3 6.76 852 6.53 2300 5.66 750.00 399.18
Varzead 4.9 11.13 218 8.55 2500 4.00 1250.00 350.00
Valenca 6.3 2.14 1624 59.94 50 1.03 1614.99 450.00
Condeuba 6.7 5.26 1741 18.86 2155 5.10 1037.77 550.00
Tanhacu 7.4 11.88 1467 9.68 3000 5.98 750.00 499.66
Biriting 8.4 26.37 565 20.29 1075 4.13 808.50 411.88
Ichu 9.0 16.40 178 33.22 1150 4.51 801.97 400.00
Candeal 3.5 39.70 469 26.02 1150 4.57 999.47 400.00
Mairi 15.9 7.60 966 41.90 2500 5.30 1035.97 380.90
Pedrao 16.2 16.00 152 50.93 850 1.94 1317.43 450.00
Jandaira 6.9 12.50 831 7.74 250 1.51 1249.40 450.00
Cipo 18.0 6.81 149 90.88 443 6.00 750.00 400.00
Maiquini 21.0 0.00 416 16.08 3000 4.99 1000.00 450.00
Castro A 24.2 29.79 1922 30.07 1804 5.12 1141.30 466.00
Maragogi 28.2 33.99 461 90.16 500 0.00 1783.62 450.00
Lamarao 28.8 50.19 392 39.69 1700 4.09 1023.50 409.40






















Area/Km2 Pop Density Elevation/m Dry Periods, 
months
Max. Rainfall 3 Mo. 
Rainfall
Itamari 43.6 60.00 100 134.87 1700 4.00 1117.50 448.00
Anguera 61.0 49.88 201 41.59 1000 4.13 1006.22 422.89
Municipalities Database, Part 2.
Munir.inalitv Max Temn Min Temn Delta T Snail AB . __Snail A__ Snail R Snail Free Soil Meili
Urandi 38 2.6 35.4 4 0 0 0 0
Parating 40 7.71 32.3 0 0 0 4 3.78
Xique Xi 40.6 7.78 32.8 0 0 0 4 3,92
Correnti 36.9 2.63 34.3 0 0 0 4 3.06
Gentio d 39.9 6.56 33.4 0 0 0 4 2.29
Quiqingu 40 8 32 0 0 0 4 4
Juazeiro 41 7.91 33.1 0 0 3.45 3.85 3.93
Valente 38 8 30 0 3.67 0 3.73 4
Itanagra 37.6 12 25.6 0 4 0 0 0
Paripira 40 8 32 4 0 0 0 4
Varzea d 38 8 30 0 0 0 4 4
Valenca 38.7 9.6 29.1 0 4 0 0 0
Condeuba 38 3.56 34.4 4 0 0 0 4
Tanhacu 38 4 34 4 0 0 0 4
Biriting 39.3 8.26 31 0 4 0 0 4
Ichu 38 8 30 0 4 0 0 4
Candeal 38 8 30 0 4 0 0 4
Mairi 38 8 30 0 0 0 4 4
Pedrao 40 8.29 31.7 0 4 0 0 1.82
Jandaira 38.9 9.99 28.9 3.89 3.35 0 0 0
Cipo 40 8 32 3.15 3.93 0 0 4
Maiquini 38 5.68 32.3 4 0 0 0 0



















Munir.inalitv Max Temn Min Tfm n Delta T Snail AR Snail A Snail R Snail Free Soil Medi
Maragogi 39.3 12 27.3 3.65 3.74 0 0 0
Lamarao 38,90 8.19 30.70 0 4.00 0 0 4.00
Caem 40.80 6.04 34.73 0 0 0 4.00 3.91
Itambe 38.00 4.00 34.00 4.00 0 0 0 0
Coracao 40.00 10.30 29.70 3.59 3.79 0 0 0
Itamari 38.00 8.00 30.00 0 4.00 0 0 0
Anguera 38.60 8.00 30.56 4.00 0 0 0 4.00
Municipalities Database, Part 3.
Mnnirinalitv Soil Intn Soil l.itn Snil Arid Caatinva Transition Cerradn Coastal Camnn Rsclernfila Meanfila
Urandi 0 4 0 4 0 0 0.00 0.00 0.00 0.00
Parating 0 3.6 0 4 0 0 0.00 0.00 0.00 0.00
Xique Xi 0 3.17 2.34 4 0 0 0.00 0.00 0.00 0.00
Correnti 3.95 0 0 0.3 0 3.95 0.00 3,06 0.00 0.00
Gentio d 0 3.99 0 4 0 0 0.00 0.00 0.00 0,00
Quiqingu 0 0 0 3.99 0 2.49 0.00 0.00 0.00 0.00
Juazeiro 0 3.17 0 3.94 0 0 0.00 0.00 0.00 3.08
Valente 0 0 0 4 0 0 0.00 0.00 0.00 0.00
Itanagra 4 0 0 0 0 0 3.87 0.00 3.42 0.00
Paripira 0 0 0 0 3.68 3.72 0.00 0.00 0.00 0.00
Varzead 0 0 0 4 0 0 0,00 0.00 0.00 0,00
Valenca 4 0 0 0 0 0 3.98 0.00 2.62 0.00
Condeuba 0 0 0 3.72 3.67 0 0.00 0.00 0,00 0.00
Tanhacu 0 0 0 4 0 0 0.00 0.00 0.00 0.00
Biriting 0 0 0 4 0 0 0.00 0.00 0,00 0.00
lchu 0 0 0 4 0 0 0.00 0.00 0.00 0.00
Candeal 0 0 0 4 0 0 0.00 0.00 0.00 0.00
Mairi 0 0 0 4 0 0 0.00 0.00 0.00 0.00
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